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Abstract 
 Biodiesel (fatty acid methyl esters), which is derived from triglycerides by 
transesterification with methanol, has attracted considerable attention during the past decade as a 
renewable, biodegradable, nontoxic fuel, being an important mean of progress to reduce 
greenhouse gases and local pollution. Biodiesel can be used either in the pure form or as blends 
on conventional petrodiesel in automobiles without any major modifications. This review paper 
presents the general aspects of biodiesel production, its properties, composition and its future 
potential. 
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INTRODUCTION 
 
The raising of the oil fuels needs and their costs, the non-regenerative 
character and un-uniform allocation of the oil resources on the globe, correlated 
with the restrictions imposed by the preservation of the environment, have given 
an impulse to the research regarding the new sources of unconventional and 
alternative fuels, biodiesel. Biodiesel has been gaining worldwide popularity 
being an eco-friendly, alternative diesel fuel prepared from domestic renewable 
resources i.e. vegetable oils and animal fats, that runs in diesel engines-cars, 
buses, trucks, construction equipment, boats, generators, and oil-home heating 
units. This alternative fuel derived from the conversion of agricultural lipids and 
a simple alcohol into fatty acid alkyl ester and glycerol and is defined as “mono 
alkyl esters of fatty acids derived from vegetable oils or animal fats” (5). These 
natural oils and fats are made up mainly of triglycerides. These triglycerides 
have striking similarity to petroleum derived diesel so that it is known as 
“biodiesel”. Thus, it has been proven that biodiesel fuels have viscosities close 
to those of diesel and, although the volumetric heating values are a little lower, 
they have high cetane numbers and flash points. The advantages of biodiesel 
over petroleum diesel include the following: derivation from a renewable 
domestic resource, thus reducing dependence on and preserving petroleum, 
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biodegradability, reductions of most exhaust emissions, higher flash point, 
leading to safer handling and storage, excellent lubricity, a fact that is steadily 
gaining importance with the advent of low - sulphur petrodiesel fuels, which 
have greatly reduced lubricity. Adding biodiesel at low levels (1–2%) restores 
the lubricity. Biodiesel functions in current diesel engines, and is a possible 
candidate to replace fossil fuels as the world’s primary transport energy source. 
 
HISTORY 
 
Producing biodiesel from vegetable oils is not a new process. The 
conversion of vegetable oils or animal fats into monoalkyl esters or biodiesel is 
known as transesterification. Life for the diesel engine began in 1893, when the 
famous German inventor Dr. Rudolph Diesel published a paper entitled “The 
theory and construction of a rational heat engine”. Rudolph Diesel designed the 
original diesel engine to run on vegetable oil (5). Diesel later demonstrated his 
engine and received  the ”Grand Prix” (highest prize) at the World Fair in Paris, 
France  in  1900.  This  engine  stood  as  an  example  of Diesel’s vision 
because it was powered by peanut oil-a biofuel,  though  not  strictly  biodiesel,  
since  it  was  not transesterified.  He believed that the utilization of a biomass 
fuel was the real future of his engine. In a 1912 speech, Rudolf  Diesel  said,  
“the  use  of  vegetable  oils for engine fuels may seem insignificant today, but 
such oils may become, in the course of time, as important as petroleum  and  the  
coal tar  products  of  the  present time”(1). During the 1920s, diesel engine 
manufacturers altered their engines to utilize the lower viscosity of the fossil 
fuel (petrodiesel) rather than vegetable oil, a biomass fuel.  The  petroleum  
industries  were  able  to make  inroads  in  fuel  markets  because  their  fuel  
was much cheaper to produce than the biomass alternatives. The  result  was,  
for  many  years,  a  near  elimination  of the biomass fuel production 
infrastructure. Only recently have environmental impact concerns and a 
decreasing  cost  differential  made  biomass  fuels  such  as biodiesel  a  
growing  alternative. In the 1990s, France launched the local production of 
biodiesel fuel (known locally as diester) obtained by the transesterification of 
rapeseed oil.  It is mixed to the proportion of 5 into regular diesel fuel, and to 
the proportion of 30 into the diesel fuel used by some captive fleets (public 
transportation).  Renault, Peugeot, and other manufacturers have certified truck 
engines for use with up to this partial biodiesel.  
 
SOURCES OF BIODIESEL 
 
Biodiesel can be produced from a variety of sources such as: vegetable oil 
feedstocks (rapeseed and soybean oils are most commonly used, though other 
crops such as mustard, palm oil, sunflower, hemp, and even algae show 
promise), animal fats (including tallow, lard, and yellow grease), waste 
vegetable oil and non-edible oils such as jatropha, neem oil, castor oil, tall oil 
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Country Source of biodiesel 
USA Soybean (mustard is under study) 
Brazil Soybean 
Europe Rapeseed oil (80) and sunflower oil 
Spain Linseed and olive oil 
France Sunflower oil 
Italy Sunflower oil 
Ireland Animals fat, beef tallow 
Indonesia Palm oil 
Malaysia Palm oil 
Australia Animals fat, beef tallow and rapeseed oil 
China Guang  pi 
Germany Rapeseed oil 
Canada Vegetable oil/animals fat 
 
etc. Biodiesel production from various vegetable oils in different countries is 
given in Table 1(1). 
Table 1 
Production of Biodiesel in Different Countries 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
GENERAL METHOD OF BIODIESEL PRODUCTION 
 
1. Basic Technology 
Several reviews dealing with the production of biodiesel by 
transesterification have been published (1, 3, 8).  Accordingly, the production of 
biodiesel by transesterification has been the subject of numerous research 
papers. Generally, transesterification can proceed by base acid or enzymatic 
catalysis. However, in homogeneous catalysis, alkali catalysis (sodium or 
potassium hydroxide; or the corresponding alkoxides) is a much more rapid 
process than acid catalysis. 
The two-step process involves the esterification of fatty acids with an acid 
catalyst followed by transesterification of triglycerides by an alkaline catalyst. 
Trans- esterification is also called alcoholysis. It is displacement of alcohol from 
an ester by another alcohol in a process similar to hydrolysis except that an 
alcohol is used instead of water. The reaction can be represented as shown 
below: 
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Fig.1   Chemical Reaction of Synthesis of Biodiesel 
 
Some of the factors that affect the reaction kinetics are: concentration of 
the catalyst, presence of water and the subsequent soap formation, presence of 
free fatty acids, separation of glycerol phase. Therefore, the key to a successful 
process technology is to have the above factors under control to get maximum 
yield and product purity. 
1.1. Reaction kinetics 
In chemical reaction, the effect of intermediate products such as mono and 
diglycerides has to be considered. In the initial stages of reaction, production of 
methyl ester is rapid then diminishes and finally reaches equilibrium. The 
decrease in reaction rates is believed to be due to formation of glycerol as a 
second phase, which leads to a loss of methanol and catalyst (9). It is difficult to 
make general predictions, but the best kinetic model appears to be a pseudo-
second order for the initial stages of reaction. 
1.2. Thermodynamics  
In the esterification reaction same type of bonds are broken and remade on 
either sides, so heat effects are bound to be low. Since both reactants and 
products are liquids, entropy change would be near zero.  Hence, equilibrium 
constant (of order exp (-dG/RT)) is low. However equilibrium can be shifted, 
say by glycerol removal. 
 1.3. Reactor types
 
 The reaction can be conducted in three types of reactors:  batch reactor, 
continuous stirred tank reactor (CSTR) and continuous reactor without 
recycling. Batch routes are traditionally selected for slow reactions, plants 
tending to be bulky and labor intensive. Since reactions are slow, CSTR is likely 
to low conversion for a given reactor volume while continuous reactor without 
recycle presents flow regime problems owing to low flows. 
2. Effect of different parameters on the production of biodiesel 
2.1. Impurities 
Impurities present in oils also effect conversion level. For alkali catalyzed  
transesterification,  the  glycerides and  alcohol  must  be  substantially  
anhydrous  as  water causes  a  partial  saponification  which  produces soap,  
that  consumes  the  catalyst,  reduces  the  catalytic efficiency, as well as 
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causing an increase in viscosity, the formation of gels, and difficulty in 
achieving separation of glycerol. 
2.2. Alcohol type 
Methanol  and  ethanol  are  most  commonly  used  for transesterification  
of  vegetable  oils  and  fats  but  other alcohols  can  also  be  used.  It is 
reported that yield of alcohol  esters  was  the  highest  with  methanol,  as 
methanol is the shortest chain alcohol and is more reactive to oil with the added 
advantage of alkali catalysts being easily soluble in methanol (1). 
2.3. Reactants ratio 
The  stoichiometry  of  the  transesterification  reaction requires  3  mol  of  
alcohol  per  mol  of  triglyceride  to yield 3 mol. of fatty esters and 1 mol of 
glycerol. The reaction  is  reversible  so  it  is  necessary  to  use  either large 
excess of alcohol or to remove one of the products from the reaction mixture to 
favorably shift reaction to the product side. 
2.4. Catalysts used in transesterification 
Three types of catalysts are used in the production of biodiesel: basic, acid 
and enzymatic. Alkali catalyzed transesterification is much faster than other type 
of the catalysts. Alkalis included sodium hydroxide, sodium methoxide, sodium 
hydride, potassium hydroxide, potassium hydride etc. However, if glycerides 
have a higher level of FFA and more water then acid catalyzed 
transesterification suitable, that can be sulphuric, phosphoric, hydrochloric or 
organic sulfonic acid.  Acid catalyzed methylation is energy sensitive because it 
is usually conducted at high temperature.  Currently, chemical methods to 
produce biodiesel have some difficulties, such as: the need to use refined 
feedstocks, the removal of catalyst, through neutralization and eventual 
separation of salt from the product esters, which is difficult to achieve, the 
recovery of glycerol as a secondary product, an important step and that is more 
difficult, when large amounts of inorganic material have to be removed, the 
energy-intensive nature of the process. In addition, chemical transesterification 
can be complicated further if the feedstock contains high free fatty acid levels or 
water. Moreover the chemical synthesis often results in poor reaction selectivity 
and may lead to undesirable side reactions. Enzymatic approaches can overcome 
these problems since lipases can operate under a variety of conditions in the 
synthesis of alkyl esters. Lipase  catalyzed  alcoholysis  in  the  absence  of  
solvent  is  important  in  industrial  application (2, 4, 10). 
 2.5. Reaction temperature 
The rate of reaction is strongly influenced by reaction temperature.  
However, given enough time, the reaction will proceed to near completion even 
at room temperature. Generally the reaction is conducted close to boiling point 
of methanol, 60-70oC, at atmospheric pressure.  These mild reaction conditions, 
however, require the removal of free fatty acids from the oil. The pretreatment is 
not required if the reaction is carried out under high pressure (9000 kPa) and 
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temperature (240°C). Under these conditions, simultaneous esterification and 
transesterification take place. The maximum yield of esters occurs at 60-80°C, 
with molar ratio of alcohol to oil of 6:1 (5, 12).  Further increase in temperature 
has negative effect on the conversion. 
2.6. Stirring effect 
In  the  transesterification  reaction,  the  reactants  initially  form  a  two  
phase  liquid  system.  The reaction is diffusion controlled and poor diffusion 
between the phases results in a slow rate. As methyl esters formed, they act as a 
mutual solvent for the reactants and a single phase system is formed. The 
mixing effect is most significant during the slow rate region of reaction, as the 
single phase is established; mixing becomes insignificant (1).  
3. Fatty Acid Composition of Biodiesel 
Many scientists have studied the fatty acid composition of biodiesel 
obtained from different sources; some of those are given in Table 2. 
Table 2     
Composition of Biodiesel Obtained from Different Sources (1) 
 
Fatty acid composition (wt.) 
 
Oil or Fat 12:0 14:0 16:0 18:0 18:1 18:2 18:3 22:1 
Babassu 44-45 15-17 5.8-9 2.5-5.5 12-16 1.4-3   
Canola   4-5 1-2 55-63 20-31 9-10 1-2 
Coconut 44-51 13-18.5 7.7-10.5 1-3 5-8.2 1.0-2.6   
Corn   7-13 2.5-3 30.5-43 39-52 1  
Cottonseed  0.8-1.5 22-24 2.6-5 19 50-52.5   
Linseed   6 3.2-4 13-37 5-23 26-60  
Olive  1.3 7-18.3 1.4-3.3 55.5-84.5 4-19   
Palm  0.6-2.4 32-46.3 4-6.3 37-53 6-12   
Peanut  0.5 6-12.5 2.5-6 37-61 13-41  1 
Rapeseed  1.5 1-4.7 1-3.5 13-38 9.5-22 1-10 40-64 
Safflower   6.4-7.0 2.4-29 9.7-13.8 75.3-80.5   
Safflower (high oleic)   4-8 2.3-8 73.6-79 11-19   
Sesame   7.2-9.2 5.8-7.7 35-46 35-48   
Soybean   2.3-11 2.4-6 22-30.8 49-53 2-10.5  
Sunflower   3.5-6.5 1.3-5.6 14-43 44-68.7   
Tallow (beef)  3-6 25-37 14-29 26-50 1-2.5   
 
BIODIESEL FUEL PROPERTIES 
 
The advantages of biodiesel as a diesel fuel are its portability, ready 
availability, renewability, higher combustion efficiency, lower sulfur and 
aromatic content (8, 6), higher cetane number, and higher biodegradability (11, 
13). The main advantages of biodiesel given in the literature include its domestic 
origin, its potential for reducing a given economy’s dependency on imported 
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petroleum, biodegradability, high flash point, and inherent lubricity in the neat 
form (5, 9). 
1. Lower Emissions from Biodiesel 
Biodiesel from virgin vegetable oil reduces carbon dioxide emissions and 
petroleum consumption when used in place of petroleum diesel. This conclusion 
is based on a life cycle analysis of biodiesel and petroleum diesel, accounting 
for resource consumption and emissions for all steps in the production and use 
of the fuel. The combustion of biodiesel alone provides over a 90% reduction in 
total unburned hydrocarbons and a 75 to 90% reduction in polycyclic aromatic 
hydrocarbons. Biodiesel further provides significant reductions in particulates 
and carbon monoxide than petroleum diesel fuel. Biodiesel provides a slight 
increase or decrease in nitrogen oxides depending on the engine family and 
testing procedures. Many studies on the performances and emissions of 
compression ignition engines, fuelled with pure biodiesel and blends with diesel 
oil, have been conducted and are reported in the literature (7). 
2. Cetane number 
The cetane number is an indication of a fuels readiness to autoignite after 
it has been injected into the diesel engine. Diesel fuel for use in on-highway 
engines is required to have a cetane number of 40 or higher. Since a higher 
cetane number translates into higher fuel costs, most refiners keep the cetane 
number of their diesel fuels between 40 and 45. Current research shows that 
Biodiesel's higher cetane number (generally between 46 and 60 depending on 
the feedstocks used to make the Biodiesel) shortens the ignition delay. 
Biodiesel’s lower volatility also tends to reduce the rate at which fuel is 
prepared to burn during the ignition delay period. These two factors contribute 
to improved combustion characteristics (more gradual start of combustion) than 
occurs with fossil diesel fuel. 
Table 3  
Cetane number and energy content for Biodiesel fuels (14) 
 
Type of Biodiesel Heat of Combustion (MJ/kg) Cetane No. 
Methyl Soybean 39,8 46,2 
Ethyl Soybean 40,0 48,2 
Butyl Soybean 40,7 51,7 
Methyl Sunflower 39,8 47,0 
Methyl Peanut - 54,0 
Methyl Rapeseed 40,1 - 
Ethyl Rapeseed 41,4 - 
 
3. Flashpoint 
The flashpoint of a fuel is the temperature at which the vapours above the 
fuel become flammable. Petroleum-based diesel fuels have flash points of 50oC 
to 80oC, so they are considered to be intrinsically safe. Biodiesel has a flash 
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point that is considerably higher than fossil diesel fuel (above 160oC). This 
means that the fire hazard associated with transportation, storage and utilization 
of Biodiesel is much less than with other commonly used fuels (14). 
4. Lubricity 
Lubricity can be defined as: "The property of a lubricant that causes a 
difference in friction under conditions of boundary lubrication when all the 
known factors except the lubricant itself are the same. Pure Biodiesel and high 
level blends have excellent lubricity; the addition of small amounts of Biodiesel 
(0, 25% to 2%) to diesel fuel has a dramatic effect on the lubricity of that fuel. 
1% Biodiesel could change the diesel fuel from an unacceptable level to an 
acceptable one (8). 
5. Biodegradability 
The degradation of a compound through microbial activity in soils is 
called biodegradability. According to the standard test the result for Biodiesel is 
that more than 95 % are degraded after 21 days while fossil Diesel about 72 % 
after 21 days (Friedrich). Dextrose (a test sugar used as the positive control 
when testing biodegradability) degraded at the same rate. Blending Biodiesel 
with diesel fuel accelerates its biodegradability. For example, blends of 20% 
Biodiesel and 80% diesel fuel degrade twice as fast as fossil diesel alone (3). 
6. Toxicity 
Biodiesel is considered non-toxic. By comparison, table salt (NaCl) is 
nearly 10 times more toxic. A 24-hour human patch test indicated that undiluted 
Biodiesel produced very mild irritation. The irritation was less than the result 
produced by 4 percent soap and water solution. A 96-hour lethal concentration 
for bluegill of Biodiesel grade methyl esters was greater than 1.000 mg/l. Lethal 
concentrations at these levels are generally deemed “Insignificant” according to 
NIOSH (National Institute for Occupational Safety and Health) guidelines in its 
Registry of the Toxic Effects of Chemical Substances (3). 
 
CONCERNS/ BARRIERS 
 
As previously described, Biodiesel lowers emissions, raises the fuel’s 
cetane number and flashpoint, and has excellent lubricity. It also has the 
attractive advantage that it can be used directly in diesel engines without 
modifications. However, Biodiesel has some drawbacks as well. These include 
cold flow properties, stability, energy content, elevated NOx levels and material 
compatibility. 
1. Cold flow 
At low temperatures, Biodiesel will gel or crystallize into a solid mass that 
cannot be filtered or pumped. The engine cannot run at these temperatures. This 
is not a new problem for diesel engine operators. Petroleum-based diesel fuel 
also gels but at temperatures that are lower than for Biodiesel.  Table 10 shows 
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data for the cold flow properties of Biodiesel and blends of Biodiesel with fossil 
diesel fuel. 
Table 4  
Cold flow characteristics of Biodiesel blends (14) 
 
Biodiesel / Biodiesel blends Cloud Point 
(oC) 
Pour Point 
(oC) 
CFPP 
(oC) 
Soy Methyl Esters (soy) 0 -3,9 -5,6 
Recycled frying oil Methyl Esters (RFO) 8,9 7,2 8,9 
Low Sulfur Diesel Fuel (US standard #1) -47,8 -56,7 < -34,4 
with 2% Soy -42,8 -51,1 < -34,4 
with 5% Soy -35,6 -48,3 < -34,4 
with 2% RFO -38,9 -51,1 < -34,4 
with 5% RFO -28,3 -51,1 -32,2 
 
The cloud point is the temperature at which crystals first start to form in 
the fuel and the pour point is the lowest temperature at which the fuel will still 
pour from a container. The cold filter plugging point (CFPP) is the lowest 
temperature at which a certain volume of fuel can be drawn through a metal 
screen filter. It usually correlates well with the lowest temperature that an engine 
can operate at. 
2. Fuel stability 
A fuel is considered unstable when it undergoes chemical changes that 
produce undesirable consequences such as deposits, acidity or a bad smell. 
There are three different types of stability commonly described in technical 
literature: thermal stability, oxidative stability and storage stability. Vegetable 
oils are generally more susceptible to oxidative attack because they are less 
saturated, that is, they contain more carbon-carbon double bonds. The short 
chain acids can be volatile thus causing a foul smell and a lowering of the 
flashpoint. Polymerization can cause an increase in viscosity and the formation 
of insoluble sediments and varnish deposits. Highly saturated fuels, such as 
those made from tallow, are very resistant to oxidation and have high cetane 
numbers. However, they tend to have poor cold flow properties, often starting to 
crystallize at temperatures as high as 10-15 degrees C. Unsaturated fuels, such 
as those made from soybean oil will generally stay liquid at temperatures down 
to 0 degree C (9). 
3. Fuel energy content 
As can be seen in the Table 11, Biodiesel has lower energy content (lower 
heating value) than fossil diesel fuel. On a weight basis, the energy level is 13% 
less. Since Biodiesel is denser than fossil diesel fuel, the energy content is only 
8% less. Since diesel engines will inject equal volumes of fuel, most diesel 
engine operators see a power loss of about 8%. In some cases, the power loss 
may be even less than this. Biodiesel's higher viscosity can decrease the amount 
of fuel that leaks past the plungers in the diesel fuel injection pump. 
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Table 5  
Comparison of Diesel/Biodiesel energy content and energy efficiency (3) 
 
Fuel Density Caloric value Energy efficiency 
 
g / cm3 MJ / kg MJ / dm3 % 
Diesel 0,83 42,90 35,60 38,20 
Biodiesel 0,88 37,20 32,90 40,70 
Variation  -13 % -8% +7% 
 
4. Material compatibility 
Biodiesel interacts differently with materials than diesel fuel. Some metals 
have a catalytic effect on the Biodiesel oxidation process. Contact with these 
materials should be avoided, particularly in long-term storage. Copper and 
copper-containing alloys such as brass and bronze should be avoided. Lead, tin, 
and zinc are also cited as having some incompatibility with Biodiesel (12). 
Blends of B20 or less do not seem to cause problems within a reasonable time 
period. With higher level blends, users should be aware of the elastomer 
materials that are used in their diesel engine fuel system. While most modern 
diesel engines use steel lines for the entire fuel distribution system, older 
engines and those repaired with non-OEM parts may contain incompatible 
materials. Older pumps may also contain elastomer diaphragms, seals and o-
rings. These are usually made from viton but if they are made from nitrile or 
natural rubbers, they will deteriorate on contact with high levels of Biodiesel 
(14). 
 
CONCLUSION 
 
Biodiesel is a better fuel than petrodiesel and meets most of the 
chemical/physical standards of Petrodiesel. Biodiesel can be considered as the 
best option and has the largest potential, which meets the requirements and 
could ensure fuel supply in the future.  Plant  oils, biodiesel,  biogas  and  
ethanol  have  been  successfully introduced  and  are  already  in  use.  Fuels 
derive from biomass are not only potentially renewable but also sufficiently 
similar in origin to the fossil fuels to derived direct substitute.  They  can  be  
converted  into  a  wide variety  of  energy  carriers  (biogas,  biodiesel,  ethanol, 
methanol,  DME,  diesel,  gasoline,  hydrogen)  as  of recent  fossil  fuel  
through  conversion  technologies  & thus have the potential to be significant 
new sources of energy into the 21st  century. In future, alternative fuels should 
offer the possibilities to be used as the current fuels  within  existing  
infrastructure,  to  contribute  in reduction of green house gases, to promote the 
development of new technologies of the recent combustion systems and energy 
generators (i.e. fuel cells), to be affordable, sustainable and should be 
renewable. 
Agricultura – ŞtiinŃă şi practică                                                                                                                                                          nr. 3-4 ( 63-64)/ 2007 
 29 
BIBLIOGRAPHY 
 
1. Bajpai, D., Tyagi, V. K., Biodiesel: Source, production, composition, properties and its 
benefits, J. Oleo. Sci., 55 (10) 487-502, 2006.  
2. Du, W., Xu, Y., Zeng, J., Liu, D., Novozym 435-Catalysed transesterification of crude soya 
bean oils for biodiesel production in a solvent-free  medium,  Biotech. Appl. Biochem., 
40,187–190, 2004. 
3. Friedrich, S., A world-wide review of the commercial production of biodiesel – A 
technological, economic and ecological investigation based on case studies, Wien 2004. 
4. Iso, M., Chen, B., Eguchi, M., Kudo, T., Shrestha, S., Production of biodiesel fuel from 
triglyceride and alcohol using immobilised lipase, Journal of Molecular Catalysis B: 
Enzymatic, 16(1), 53-58, 2001. 
5. Knothe, G., Gerpen, J. V., Krahl V., The biodiesel handbook, AOCS Press., Champaign, 
Illinois, 2005. 
6. Knothe, G., Sharp, C.A., Ryan, T.W., Exhaust emissions of biodiesel, petrodiesel, neat 
methyl esters, and alkanes in a new technology engine, Energy Fuels 20:403–408, 2006. 
7. Laforgia, D., Ardito, V., Biodiesel fuelled IDI engines: performances, emissions and heat 
release investigation, Biores. Technol. 51:53–59, 1994. 
8. Ma, F., Hanna, M.A., Biodiesel production: a review, Biores. Technol. 70:1–15, 1999. 
9. Mittelbach, M., Remschmidt, C., Biodiesels–The Comprehensive Handbook, Karl-Franzens 
University, Graz, Austria, 2004 
10. Noureddini, H., Gao, X., Philkana, R. S., Immobilized pseudomonas cepacia lipase for 
biodiesel fuel production from soybean oil, bioresource technology, 96, 769-777, 2005. 
11. Speidel, H.K., Lightner, R.L., Ahmed, I., Biodegradability of new engineered fuels 
compared to conventional petroleum fuels and alternative fuels in current use. Appl. 
Biochem. Biotechnol., 84-86:879−897, 2000. 
12. Tyson, K. S., Biodiesel Handling and Use Guidelines, National Renewable Energy 
Laboratory, Report No. TP- 580-30004, Golden CO USA September 2001, Internet: 
http://www.nrel.gov/docs/fy01osti/30004.pdf [5.9.2003] 
13. Zhang, Y., Dub, M.A., McLean, D.D., Kates, M., Biodiesel production from waste cooking 
oil: 2. Economic assessment and sensitivity analysis. Biores. Technol. 90:229–240, 2003. 
14. http://www3.me.iastate.edu/biodiesel.html 
 
 
